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MOVEMENT  STUDY  OF  THE  TRANS-ALASKA 
PIPELINE  AT  SELECTED  SITES 

H.T.  Ueda,  D.E.  Garfield  and  F.D.  Haynes 


INTRODUCTION 

One  of  the  unique  problems  encountered  in 
the  construction  of  the  Trans-Alaska  Pipeline 
was  the  extreme  temperature  differential  that 
could  exist  between  the  warm  oil  and  the  frigid 
ambient  environment  This  differential  causes 
considerable  expansion  and  contraction  of  the 
pipeline  The  construction  technique  employed 
to  compensate  for  this  action  is  described  in  the 
following  excerjit  and  figure  1  which  are  from 
Data  sheet  no  d,  /ig/ag  configuration  (Alyeska 
Pipeline  Servic  e  Co  1976) 

«f<)iind  •.tMtions  oi  tho  trans-Alaska  pipeline 
are  built  in  a  uriKpie  /iu/<ik  <  onti^uration  to  allow  tor 
expansion  or  i  ontrat  tion  ot  the  pipe  be(  ause  ol  tern- 
(lerature  t  han^es  I  he  desi^>n  also  allows  for  anv  mo¬ 
tion  1  auseti  t>\  an  earfh(|uake  Approximately'  4(Hf 
mlle^  ot  the  H(M)  mile  line  are  Innll  above  i;found  Most 
ot  the  remainder  is  buried  (  onventionallv 

I  he  •♦H  im  h  steel  pipe  aliove  ground  mav  be  \iib 
iet  terf  t<‘  mavinuirn  (einperatiffe  (  hanj'es  <il  about  2) 
f  .rhc*‘nhe»f  Pipe  tr-mperatures  i  an  raiif^e  trom 
a  minus  7n  deurtes  l.ihreriheit  when  empty  ot  oil  in 
midwmtei  to  I4“»  de^jrees  I  .ihreiiheit  when  tilled  with 
oil  at  tile  maximum  tnimpinx;  rale  of  2  iTiillion  barrtds  a 
dax  ()\ef  tfiis  temper. Pure  ran^je  the  t)it>e  <>xpan(ls 
more  than  '  H  im  fT«*s  m  a  Ivpa.il  1  ..MM)  tool  al)ove 
ground  >ei  lion  Aims e  ^{rourKj  sei  tions  set  ur«*d  be 
tween  ft\«'d  .im  hof  f/wtall.ilions  r.ir)*}e  trom  7tK)  to 
IrtPtt  feef  in  len^fti 

I  o  allow  for  tfie  exfi.inMon  or  (  ontrar  I ior>  (pif)e  rn 
st.ille<|  1(1  sumnu'r  will  (ontraii  in  winter  until  oil  is 
pumjied  ihroukjh  ill  if^e  pipeline  is  l)uilt  in  trafTe/ouial 
set  firms  whir  h  c  onverl  i  h.inkies  in  pipe  length  to  side 
ways  iTioveinent  In  fins  [i.ittr-rn,  thermal  growth  de 
torms  the  pipe  between  the  fixr’d  ,m<  hors.  <  han^mx 
the  lorrnal  fr.ipe/oid  info  a  <  urve 

1  he  desixn  permits  .i  maxiiTium  of  ‘tti  inr  h»*s  ot  mk  h 
sirlew.iys  movt-nirnt  hru  ause  ol  heal  and  a  maximunT 
ot  'll*  im  hes  lali’ral  movement  in  lh<’  opjiosite  diret 
lion  for  (  onfra<  Iron  f>ei  <iuse  r)t  i  oltl  Another  24  inr  h 
es  ot  lateral  iTTotion  is  providerl  tor  in  tfie  evt*nt  ol  an 
e<irth()uake 


lo  permit  the  sideways  motion,  tht*  t)i|)e  is  mounted 
so  It  can  iTTove  r)n  crossbeams  mstallect  IxMween  verti 
cal  supports  plact'd  in  the  ground  1  he  crossbeams 
var\  in  length  d»‘p»>ndinx  on  the  sideways  motion  prc* 
dictc*d  at  each  point  1  he  t)ipe  is  positioned  ott  center 
on  (he  beams  to  permit  maximum  expected  hot  told 
and  dynamic  movements 

At  points  where*  the  above  ground  line  dro()s  below 
ground,  a  spec  lal  transition  c  ontiguration  allows  ut)  to 
18  inches  ol  thermal  growth  ot  pipe*  coming  from  the 
ground,  m  addilfon  to  expansion  ot  the  pipe  above 
ground  tour  bends  m  this  t  onliguration.  rather  than 
two.  pc’rmit  the*  additional  thermal  movement  to  o<  c  ur 
without  placing  unavc et>table  stresses  on  the  pipe 

During  the  period  )une  1977  to  September 
1978,  four  measurement  surveys  were  con¬ 
ducted  on  the  pipe  and  pipe-supporting  cross¬ 
beams  at  several  sites  along  the  Trans-Alaska 
Pipeline.  These  measurements  included  the  lat¬ 
eral  and  longitudinal  displacement  of  the  pipe 
shoe  on  the  support  platform,  the  tilt  of  the  ver¬ 
tical  sup()ort  members  (VSMs),  and  the  relative 
c-levation  of  the  pipe  support  crossbeams  The 
loc  ation  of  the  measurements  made  at  each  sup¬ 
port  are  shown  in  Figure  2 

twelve  sites  were-  originallv  selected  to  be  sur 
veyc-d  1  hey  were  chosen  to  represent  a  varied 
set  ot  conditions  that  might  cause  ()ipe  move 
mc-nt  such  as  sloiie  ot  the-  terrain,  proximity  to  a 
()ump  station  and  potential  earthquake  cones 
Ultimatc'lv  only  seven  sites  proved  ter  be  ac  i  essi 
ble  for  the  tour  surveys  conducted  Due  to  oper 
alional  diffic  ulties  sue  h  as  inclement  weather 
and  pipeline  sc-c  urity,  all  of  the  desired  measure 
menis  could  not  In-  made  during  each  survey  at 
c-ac  h  of  the*  sc-ven  sitc-s  One  additional  site  v\as 
aclclc-d  in  Si-pti-mbi'r  l')7H  I  igurc-s  1  and  4a~e 
show  the-  locations  and  give-  our  designation  lor 
each  site  Milc'post  (MP)  figures  arc-  (ripelinc'  (lis 
tancc-s  from  Pump  Sl.ition  no  1 


c  S/to  C  the  soef/on  uhorop/poZ/noomorsos  tram  tho ground  ,\ppro\im,Ueh 
1000  it  north  of  fj/w/ia  R/\er 


•  g  i6 

’Ooo 


d.  Site  D,  the  settion  immediatch  south  of  I’ump  Station  no  ft  whom  tho 
pipeline  emerges  from  the  ground 

I  igure  4  Stie  locutions  Icont  d). 
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e.  Site  E,  the  section  where  the  pipeline  emerges  from  the  ground.  ,ippro\i- 
matel\  .1000  ft  south  of  MP-4S6  Site  f.  the  section  immediateh  south  ot  the 
Chena  Hot  Springs  Road  where  the  pipeline  emerges  troni  the  ground  at  ap 
proximateh  MP-456,  Site  C,  the  section  of  the  pipeline  from  the  Sfeese  High¬ 
way  to  Coldstream  Creek.  Site  H.  the  section  immediateh  north  ot  \1l’-4'ai 

Figure  4.  (Cont  dl 


I  he  tirst  siirM'V  was  made  id  kme  1*177,  prior  rial  movr'mr'nt  and  or  thi>  hori/ont.il  rotation  ot 

to  the  initi.il  tlov\  ot  oil  1  he  ser  ond  survey  vv.is  the  pip(>  shoe  In  addition,  Irom  tuo  or  more  sur 

made  m  Septemlrer  l‘!77  when  the  oil  was  flow  ve\s,  any  gross  rr-ading  errors  rould  hi'  detei  ted 

mg  at  a()pro\imatelv  (IU),0()1)  barrels  per  dav  A  because  the  sum  ot  opirosite  readings  should  be 

p.irtial  survey  was  (  ondui  ted  m  early  April  l*»7K  ipprovimateK  equal  A  lomentional  ta|)e  rule 

when  the  tlow  was  I  , JOO, ()()()  barrels  per  day  s'as  used  and  readings  were  taken  to  the  nearest 

(Al.iska  (  onstrm  bon  and  Oil  I‘t7‘))  A  lin.il  sur  ,,  m  (1  ig  'i  and  til  Oi)|)osite  readings  were  not 

vey  w.is  I  ondui  ted  m  September  l')7H  approve  taken  e)n  the  spei  i.d  beam  suirports  used  at  the 

m.itely  one  year  after  the  initnd  tlow  ot  oil  Den.ili  I  aull,  due  to  the  extreme  length  O'l  tt)  ot 

the  su|)ports  (I  ig  7)  I  heretore,  the  hori/ontal  ro 
tations  of  the  (iipe  shoes  at  this  site  i  ould  not  be 

MEASUREMENT  TECHNIQUE  determined 

A  total  of  I  S')  si,p()orts  at  eigtit  sites  were 
Pipeline  movement  measured  I  he  length  ot  iiipe  i  overed  at  a  given 

I  our  measurements  representing  the  positions  measurement  site  normally  extended  betyyeen 

ot  the  pipe  shoe  on  its  sujiport  plattorm  were  two  or  more  pi|)eline  am  hor  points  oi  betyyeen 

made  .it  eai  h  support  I  hey  are  indii  ,ited  in  I  ig  an  am  hor  and  the  |)omt  .U  w  hii  h  the  pipeline  eii 

lire  7  as  A, A,  and  H, If  I  he  primed  letters  denote  tered  the  ground  lateral  oi  longitudinal  move 

measurements  made  on  the  opposite  sides  ot  the  merit  ot  the  [)i|)e  ,it  an  am  hor  should  by  design, 

(  rossbeam  >md  pi|)e,  respei  liyely  Ifyt 'king  two  be  minimal  One  measurement  w.is  niade  at 

oiiposite  measurements  it  yvas  possible  to  deter  ear  h  am  hor  to  determine  any  longitudin.d  pipe 

mine  Irom  two  surveys  the  Literal  ,ind  (ongitudi  motion  A  ty|)i<  al  am  hor  is  shown  m  I  igijie  8 

S 


figure  9  fvpical  /eve/  rod  station  on  top  of  support 
sleeve 


Verfical  support  member  tilt 

Tilt  or  verticiil  clevi.Uion  measurements  were 
made  on  eai  h  vertical  support  member  (VSM)  in 
directions  perpendicular  and  parallel  to  the 
pipeline  These'  are  indicated  as  C,C'  and  D.D'  in 
Figure  2  The  primed  letters  denote  the  measure¬ 
ment  made'  on  the  VS/vt  on  the  opposite  side  ot 
the  crossbeam  Initially  a  relatively  simple  de¬ 
vice  with  a  resolution  of  about  0  was  em¬ 
ployed  to  measure  the  tilt,  but  it  proved  to  be  in¬ 
adequate  Later  an  electronic,  digital-readout  in 
strument  was  designed  with  a  resolution  of  0  01° 
and  was  used  successfully.  The  heart  of  the 
instrument  was  a  Schaevitz  Model  LSOC  servo 
inclinometer  with  a  range  of  ±14  5°  Positive 
readings  indicate  an  outward  inclination  when 
measuring  in  position  D  or  D'  or  a  downstream 
(relative  to  oil  flow)  inclination  when  measuring 
in  position  C  or  C 

Relative  elevations  of 
pipe  support  crossbeams 

Relative  elevations  were  measured  with  a 
Wilde  T-),  self-leveling  level  Readings  were 
taken  from  the  tops  of  the  sleeves  that  were  rig¬ 


idly  attac  ht'd  to  the  ends  ot  eac  h  support  cross¬ 
beam  (Tig  '))  1  ht' two  readings  were  avc'raged  to 
obtain  the  c  rossbeam  elevation  At  the  Denali 
Fault  site,  the  readings  were  taken  from  the  top 
surface  at  each  C'nd  of  the-  special  beam  sup¬ 
ports 

The  usual  proc  edure  was  to  start  at  one  leg  of 
an  anchor  or  sup()ort,  proceed  down  one  side  of 
the  line  of  supports,  reading  the  level  of  eac  h 
VSM  sleeve  on  that  side,  then  return  on  the  o()- 
posite  side  following  the  same  prcsc  edure,  and 
finally  close  the  loop  on  the  original  station 
Readings  were  made  to  the  closest  0  01  ft 

None  of  the  elevations  were  com()ared  to  a 
fixed  benchmark  Flevations  for  a  givc>n  site 
were  compared  to  a  reference  sup|)ort,  usually 
the  last  support  next  to  an  anchor  at  the  end  ot 
the  site. 


RESULTS  AND  DISCUSSION 
Pipeline  movement 

The  maximum  lateral  and  longitudinal  move 
ments  measured  were  11'/,  in  and  2"/„  in  respec - 


8 


1 


tivelv  As  expoitf'fi,  (he  motion  <it  the  , me  hors 
was  minimal,  with  a  maximum  lonj>iti.itlinal 
movement  of  in 

The  lateral,  longitudinal  and  horizontal  rota¬ 
tional  movements  of  the  pipe  are  shown  in  A|)- 
pendix  A  (Fig  A1  through  A7)  The  movements 
indicated  are  for  the  period  )une  1977  to  Sep¬ 
tember  1978  No  movements  can  be  shown  for 
site  H  (Tig  A8)  since  only  one  set  of  measure¬ 
ments  were  made  at  this  site  The  maximum  lat¬ 
eral  displacement  is  noted  for  each  site  It  repre¬ 
sents  the  average  of  measurement  B  and  B'  Ex¬ 
cept  at  site  A,  the  maximum  displacements  oc¬ 
cur  within  the  trapezoidal  sections  which  were 
built  in  for  this  purpose  The  movements  of  all 
supports  for  all  the  surveys  are  tabulated  in 
Table  B1  The  support  identification  numbers 
used  are  those  numbers  which  are  stenciled  on 
each  ( rossbeam 

Most  of  the  measurements  indicate  a  pro¬ 
gressively  increasing  or  decreasing  movement  of 
the  pipeline  There  is  little  evidence  of  any  cy¬ 
clic  action  although  it  could  have  occurred  dur¬ 
ing  the  period  between  our  surveys  The  initial 
and  early  movements  which  occurred  at  the 
start  of  oil  flow  were  detected  in  our  September 
1977  survey  An  increase  in  oil  temperature  cre¬ 
ated  by  an  increase  in  the  flow  to  1,200,000  bar¬ 
rels  per  day  in  March  1978  resulted  In  further 
movement  that  was  detected  in  the  April  1978 
survey  The  final  movement  noticed  in  our  Sep¬ 
tember  1978  survey  was  probably  due  to  the 
combination  of  warm  oil  and  warm  ambient 
temperatures  The  final  displacements  measured 
in  September  1978  should  be  approximately  the 
maximum  pipeline  displacement  expected  for 
the  flow  of  1,200,000  barrels/day  Further  move¬ 
ment  can  be  expected  when  the  protected  flow 
of  2,000,000  barrels/day  is  attained 

Thus  far  the  lateral  motion  of  the  pipeline  ap¬ 
pears  to  be  well  within  design  limits  There  were 
a  few  locations  where  the  insulating  cocoon 
around  the  pipe  was  near  or  touching  the  VSM 
Ffowever,  none  of  thr-se  appeared  to  be  creating 
a  sericnis  problem  at  this  time,  such  as  excessive 
lateral  loading  of  the  VSM 

Vertical  support  member  tilt 

In  September  1978  a  tcjtal  of  112  VSMs  at 
eight  sites  werr*  measured  for  tilt  Of  this  total, 
f)9  had  a  tilt  ecjual  to  or  greater  than  0  S°,  with  17 
of  these  located  at  site  C,  Twelve  had  a  tilt 
greater  than  1  0°  with  10  of  these  also  located  at 
sit(‘  C, 

lilt  data  w«’rr“  compared  for  180  VSMs  from 


five  sites  (A,  B,  (  ,  I  and  (i)  over  the  (leriod  Sep 
tembc'r  1977  to  Se(itember  1978  I  his  w  as  the  pe¬ 
riod  during  which  the  elc-i  tronic  level  was  used 
Only  five  VSMs  showc-d  a  ch.inge  in  till  greater 
than  OS®  1  he-  gre-atest  change  detected  was 
1  09°  perpendicular  to  the  pipi-line  four  of  the 
five,  including  the  worst  c  hange,  wc-rc-  locatc-d  at 
site'  ('■  near  Ooldstri-ani  (  rei-k  I  he  soil  conch 
lions  plus  the  high  watc-r  tabic-  at  site  O  have-  <ip 
parently  combined  to  create-  a  rc-lativc-ly  unsta 
ble  condition 

Measured  tilts  and  changes  m  tilt  arc-  tabu 
lated  in  Table  B2  The  single  set  cjt  mc-asure- 
ments  for  site  D  and  site  f  arc-  also  included 

Relative  elevations 

The  elevation  surveys  were  conducted  to  mea¬ 
sure  any  changes  in  relative  elevation  of  the 
pipeline  support  crossbeams  These  changc-s  in 
relative  elevation  would  result  from  differential 
vertical  movement  of  the  VSMs  vsithin  a  given 
site.  Due  to  operational  problems,  only  two 
sites,  sites  A  and  B,  could  be  surve-yed  in  Septem¬ 
ber  1977  In  September  1978,  eight  sites,  includ¬ 
ing  A  and  B,  were  surveyed  In  addition  to  c  om¬ 
paring  the  data  from  sites  A  and  B  for  the  one- 
year  period,  the  data  from  all  of  the  sites  were 
compared  to  as-built  elevations  which  wen- 
taken  from  drawings  obtained  through  the  ccsop- 
eration  of  the  Alyeska  Pipeline  Service  Com¬ 
pany. 

Site  A  at  the  Denali  Fault  commands  particu¬ 
lar  interest  due  to  the  high  potential  there  for 
seismic  activity  The  pipeline  at  this  location  is 
supported  on  special  steel  and  concrete  beams 
(Fig  7)  which  are  placed  on  a  gravel  berm  built 
over  the  natural  ground  (Alyeska  Pipeline  Ser¬ 
vice  Co.  1971) 

The  one-year  comparison  shows  very  little  rel¬ 
ative  movement  A  maximum  movement  of  0  08 
ft  occurred  at  two  supports  at  site  A  They  arc- 
support  no  11  and  support  no  11A17S4,  both 
relative  to  support  no  13A.1409  located  at  the 
south  end  of  the  section  Two  other  supports 
showed  a  movement  of  0  OS  ft  and  four  showed 
a  movement  of  0  04  ft  All  movements  were  neg¬ 
ative  relative  to  support  no  11A1409  Within  the 
accuracy  of  the  survey,  the  remaining  supports 
showed  essentially  no  relative  movement 

Site  B  supports  moved  even  less  The-  gre-atest 
c  hange  detected  was  0  04  ft  at  one  support  over 
the  one-year  period  The  remaining  segrports 
showed  essentially  no  movement,  at  Ic-ast  rc-la- 
tive  to  support  no  1SA1(>49 

By  converting  the  elevations  obtained  from 


'i 
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the  c)-.  built  dravviiiK''  to  relative  elevations  in  the 
same  manner  as  in  our  analysis,  a  r  om()arison 
was  made  tor  the  atrproximately  two  to  three- 
year  period  prert'diiiK  Septemhr-r  ld7H  The  ele¬ 
vation  ditterem  es  tor  most  ot  the  survey  apiiear 
to  be  reasonahh"  However,  there  are  some  obvi¬ 
ous  dis<  re|)an(  les 

At  site  A,  data  indicated  an  almost  2-ft  eleva¬ 
tion  change  tor  support  b2A178  relative  to  sup¬ 
port  TdAd409  At  sites  B,  C.D.t.h  and  H,  there  is 
at  least  one  sufiport  at  each  site  which  appears 
to  have  changed  elevation  from  0  24  ft  to  0  54  ft 
At  site  C  there  is  one  support  that  showed  a 
0  59-ft  movement  and  another  with  a  2  89-ft 
movement  Possible  explanations  for  the  larger 
variations  noted  are:  1)  some  significant  changes 
did  occur  in  support  movement  and  were  recti¬ 
fied,  2)  the  actual  as-built  elevations  did  not  con¬ 
form  with  the  drawings,  or  3)  there  was  an  error 
in  the  readings  If  such  large  movement  did  fake 
place  it  was  certainly  not  evident  in  our  observa¬ 
tions. 

All  level  survey  data  are  presented  in  Table 
B3  Also  noted  are  the  estimated  accuracies  of 
each  suryey  The  reference  support  for  each  site 
IS  indicated  in  Figures  A1-A8 

SUMMARY 

Measurements  made  over  several  selected 
sites  along  the  Trans-Alaska  Pipeline  indicate 
that  the  pipe  is  moving  well  within  design  limits 
and  the  pipe  supports  are  showing  a  minimal 
amount  of  activity  Since  the  flow  of  oil  began  in 
late  )uly  1977  through  a  period  ending  in  Sep¬ 
tember  1978,  a  gradual  increase  in  movement  in 
the  same  direction  has  been  measured  This  cor¬ 
responds  to  a  gradual  increase  in  flow  to  a  maxi¬ 
mum  of  1,200,000  barrels/day  in  March  lO'^B  and 
a  Combination  of  flow  and  ambient  tempera¬ 
tures  accounting  for  the  final  increment  of 
movement  The  measured  movements  should  be 


cTcjse  to  the  maximum  movements  expected  fcjr 
an  oil  flow  of  1,200,000  barrels'day 

The  tilt  and  elevation  data  have  revealed  that 
most  of  the*  vertical  sufrport  members  obsc-rve-d 
are  stable  Site  C  near  (loldstream  Creek,  with 
the  highest  numben  of  VSM  tilts  over  1°,  un 
doubtedly  possesses  ()oor  soil  conditions  This 
and  a  high  water  table  have  apparently  heipc-d 
produce  the  least  stable  site  of  those  we  sur- 
veyc'd 

The  Denali  Fault  section  of  the  pipeline  ap¬ 
pears  to  bc'  irerforming  well  No  significant 
movement  of  the  spec  iai  supports  or  the  pipe  it¬ 
self  are  evident  One  conventional  support 
showed  a  nearly  2-ft  vertical  movement  when 
compared  with  the  as-built  elevation  but  our  ob¬ 
servations  did  not  reveal  any  motion  even  ap¬ 
proaching  this  magnitude 

This  study  has  been  completed  The  data 
should  prove-  usc-ful  for  similar  future  investiga¬ 
tions  It  is  suggested  that  a  measurement  pro¬ 
gram  be  conducted  at  five-year  intervals  to  de¬ 
tect  any  long  term  longitudinal  and  lateral 
movement  of  the  pi|)(>  and  vertical  displacement 
of  the  VSMs  at  these  sites 

A  separate  study  by  Crory  (pers  comm  )  in¬ 
cludes  some  of  the  same  measurements  made  at 
site  A  and  site  H  in  this  report  in  addition  to  mea¬ 
surements  from  sites  further  north  He  has  also 
included  temperature  observations  made  on  the 
pipe  and  in  the  foundation  mate-rial 
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APPENDIX  A:  LATERAL,  LONGITUDINAL  AND  HORIZONTAL 
PIPE  MOVEMENT  IN  EXAGGERATED  SCALE 
{June  1977  to  September  1978) 

(Man  vu'vs  (top)  Arrows  that  show  lateral  tnrwninr'nt  arn  trrottortirrnal  to  thr*  maximum  value  ot  lateral 
nToxE’OTE'nl  (iot  rE‘prE*sE*nts  movE*nu*nl  ot  '  ;  in  or  U*ss  arrows  that  show  loni^itudinai  niovE’mt*nt  show 
dirtHtion  only  turved  arrow  shows  horizontal  rotation 
Hfvalion  (hart  lht>ttorn)  Horizontal  siak’  in  2tHMi  intervals 


Figure  At.  Site  A. 


t^f  max 


Figure  A2  Site  FI 
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APPENDIX  B;  TABULATION  OF  MOVEMENT  MEASUREMENTS 


Table  Bl.  Pipeline  longitudinal  and  Jateral  movement. 
=  I'h.inge  in  position  since  June  1977. 


First  row: 

.'.A,  'B 

Kxcept  at  anchors  and 

special 

SecouU  row: 

■.A',  Mi' 

beam  supports  at  site 

A. 

•A,  .-.A'  Cin-) 

B , 

.13’  (in.) 

Support  no. 

Sept 

Mar  Sept 

Sept 

M;ir 

St'pt 

1977 

W8  1978 

1977 

1978 

1^78 

Site  A 

.\nchor 

W16 

3/16 

-1/8 

-7/16 

-15/16 

-2  1/4 

3/8 

3/4 

13/16 

2  5/16 

-1/16 

-11/16 

-2  11/16 

-  5  11/16 

3/8 

13/16 

2  5/8 

5  5/8 

3/8 

3/4 

-4  3/16 

-7  15/16 

-3/  16 

-7/16 

4 

7  7/8 

3 

-  3/ 4 

-1  5/8 

-3  3/4 

-9  7/16 

b 

-  3/4 

-1  5/8 

-2  3/8 

-6  1/2 

7 

0 

-1/16 

-3/4 

-2  3/8 

8 

0 

11/16 

0 

1 

9 

1/8 

1  7/8 

1  3/8 

4  5/8 

10 

7/8 

2  13/16* 

3  1/8 

7  1/16 

1 1 

1/2 

1 

4 

7  3/8 

i: 

3/8 

3/4 

2  5/8 

5  1/2 

1  3 

3/8 

5/8 

1  5/8 

2  13/16 

14 

0 

1/4 

1/8 

1/8 

1  ■> 

-1/4 

1/16 

0 

-1  3/8 

16 

-1/8 

1/16 

1/8 

-1  1/2 

1  7 

0 

-5/16 

-1/8 

-1  7/16 

18 

-1/4 

-3/4 

0 

0 

19 

-3/8 

-7/8 

3/4 

2  5/16 

20 

-5/8 

■1  1/8 

1  3/4 

12  1/4* 

21 

-1/2 

-1  3/8 

2  1/4 

4  1/4 

2  ’ 

-  3/ A 

-1  1/2 

1  7/8 

2  1/2 

2  1 

-  3/8 

-15/16 

1/2 

1  3/16 

-  1/8 

-1  1/16 

-2 

-6  1/2 

23 

1  /  s 

3/8 

-3  5/8 

-9  7/8 

26 

1/4 

5/16 

-4  1/8 

-11  5/8 

27 

0 

-1/8 

-3  3/8 

-11 

28 

-1/4 

-1/8 

-2  7/8 

-9 

29 

0 

0 

-7/8 

-3  5/8 

iO 

7/8 

2  3/8 

1  3/8 

I  3/4 

11 

7/8 

2  1/16 

3  1/8 

5  3/4 

i2 

3/4 

2 

3  1/2 

7  5/16 

!  1 

5/8 

1  11/16 

2  7/8 

6  7/16 

1  3/8 

2  3/8 

1  1/4 

4  1/16 

i;i 

5/8 

1  1/2 

1/2 

1  1/4 

36 

1/2 

1  1/4 

0 

-7/8 

37 

-1/4 

5/8 

1/4 

-7/16 

t,  'A  178 

0 

1/8 

-1/16 

0 

0 

1/16 

1/16 

0 

24A920 

-1/16 

0 

0 

0 

0 

0 

1/16 

1/16 

1  1M754 

1/16 

0 

1/8 

1/16 

1/16 

0 

0 

0 

Anchor 

1/8 

1/16 

Table  Bl,  (Cont ’d) . 


'.A,  .-.A* 

(in.  ) 

‘B,  li’ 

( in.  ) 

Support  no. 

Sept 

Mar 

Sept 

Sept 

Mar 

Sel't 

_ 

1977 

1978 

1978 

1977 

1978 

1978 

Site  B 

::^A90 

-9/  16 

-3/16 

-1  1/8 

-7/16 

5/8 

-7/8 

11/16 

1  3/16 

1  5/16 

1/2 

3/4 

1 

22A91 

-7/8 

-1 

-1  5/3 

-5/8 

-I 

-1  1/.. 

15/16 

1  3/8 

1  13/16 

5/8 

1  1/4 

1  ^7/10 

2JA193 

-3/4 

-1  1/3 

-1  7/8 

-1/16 

-1/16 

')/  1  fl 

15/16 

1  7/16 

1  3/4 

1/4 

5/16 

-1/4 

2  3A195 

-11/16 

-I  3/16 

-  1  11/16 

1  7/16 

2  1/1 6 

i 

5/8 

1 

1  9/16 

-1  7/16 

-2  1/16 

-3  1/16 

4JA0389 

-1  1/8 

-1  11/16 

-2  1/4* 

4  1/8 

5  3/4 

s 

1/16 

9/16 

1  1/8 

-•4  J  '  1  () 

-5  1  1/  16 

-8  1,16 

63B9 

-7/8 

-1  3/16 

-2  1/16 

6 

S  >  /  1  () 

11  1  1  lo 

1 

1  1/2 

2 

-5  7/H 

-8  1  S 

-  1  1  5  S 

7IA0265 

1/4 

1/8 

5/16 

6  3/16 

6  1  ,'4 

1  3  1  2* 

-1/8 

-1/8 

-1/4 

-6  1/8 

-9  1/16 

-  1  3  1  ,  . 

7 1B0889 

5/16 

3/8 

1/4 

5  1/16 

8  1/16 

IJ  1'- 

-3/16 

-1/4 

- 1  /A 

-  5  i  ■  1 6 

-8  1/16 

-1.  1 

73A0448 

1/16 

0 

-1/8 

4  1/16 

7  5. Mo 

Ill  ;'8 

0 

1/8 

1/8 

-4  1/8 

-7  5/16 

-  Ill  1  r  In 

62B5 

1/2 

1 

1  1/2 

2  7/8 

(’  7/16 

8  11,1  6 

-7/16 

-1  1/16 

-1  5/16 

-2  1/4 

-6  1;^ 

-0  1,2 

44A0460 

7/16 

1  1/16 

1  5/16 

1  1/16 

4  J/l(. 

-  r)/|6 

-1/4 

-13/16 

-1 

-1  1/8 

1/16 

-  ^  '  s 

23A194 

3/8 

7/8 

1  1/8 

-1/4 

7/8 

-5/16 

-11/16 

-15/16 

1/8 

-  3/4 

- 1 '  2 

15A1618 

1/8 

1/2 

9/16 

-1  1/4 

-1  1/4 

-1  )/4 

-3/16 

-9/16 

-3/4 

1  1/.4 

1  3/8 

1  11/16 

25A93 

7/16 

3/4 

1 

-15/16 

-1  7/S 

-2  5/16 

-9/16 

-3/4 

-1  1/8 

15/16 

1  7/8 

J  ‘‘1  '■  I  0 

25A142 

5/16 

3/4 

1 

-3/16 

-9/l(, 

-  1  1/8 

-5/16 

-3/4 

-1 

3/16 

7/8 

1  i/16 

15A1649 

1/16 

3/16 

3/16 

0 

0 

0 

-1/8 

-3/16 

-1/4 

0 

n 

1/16 

Anchor 

1/8 

-3/16 

S  itc>  C 

21A1 15 

-1/4 

-1/2 

-11/16 

-1/16 

-1/16 

-1/8 

3/8 

3/8 

3/4 

1/8 

1/8 

3/16 

25A149 

-5/16 

-5/8 

-1 

1/8 

1/2 

1  5/8 

3/8 

9/16 

15/16 

-3/8 

-1/2 

- 1  11/16 

25A151 

-1/2 

-7/8 

-1  3/16 

1  3/16 

2  5/8 

3  5/16 

1/2 

7/8 

11/16 

-1  1/8 

-2  11/16 

-3  5/16 

25A150 

-3/8 

-3/8 

-5/8 

15/16 

3  5/16 

3 

3/8 

5/16 

1/4 

-7/8 

-3  5/16 

-  i 

25A152 

-5/16 

-1/8 

-9/16 

1 

2  1/2 

2  i/16 

5/16 

5/16 

13/16 

-15/16 

-2  3/8 

_  2 

44A0446 

-3/16 

-1/4 

-3/4 

-1/8 

-1/8 

-1 

1/4 

3/8 

+15/16 

1/4 

9/16 

1  3/16 

62B3 

-7/16 

-13/16 

-1  1/8 

-1  3/8 

-3  3/16 

-4  13/16 

1/2 

3/4 

1  7/16* 

1  5/16 

2  1V16 

4  15/16 

72B0130 

-3/16 

-1/4 

-3/16 

-1  7/8 

-3  9/16 

-7  9/16 

3/16 

3/16 

1/4 

2  1/8 

3  13/16 

7  13/16 

74A0099 

-1/4 

-7/16 

-5/8 

-2  1/8 

-4  7/16 

-8  3/4 

1/4 

1/2 

7/8 

2  1/4 

4  1/2 

8  15/16* 

72B0132 

1/16 

7/16 

13/16 

-1  13/16 

-4  5/8 

-7  1/4 

-3/16 

-7/16 

-1  1/16 

•> 

4  3/4 

7  5/16 

If) 


Tablf  Bl.  (Coiic’d). 


.\A, 

■A'  (in.) 

.-.R,  .-.R' 

(in-  ) 

Support  no. 

Sept 

Mar 

Sept 

Sept 

Ma  r 

Sept 

1977 

1978 

1978 

1977 

1978 

1978 

55A57 

1/8 

-1/9 

7/8 

-1  1/16 

3 

-9  1/16 

-1/16 

3/8 

-13/16 

1  1/8 

-3  1/16 

9  1/16 

21Ain 

1/8 

1/8 

5/16 

1/ 16 

0 

3/16 

-1/16 

-1/9 

-3/8 

0 

-3/16 

-1/9 

11A129 

1/8 

1/9 

5/8 

3/16 

1  1/8 

1  1/16 

-1/16 

-1/2 

-13/16 

-1/9 

-1  5/16 

-1  3/16 

12A166 

6/8 

3/9 

1/2 

1  1/2 

1  11/16 

-3/16 

-7/16 

-11/16 

-3/8 

-1  3/8 

-1  9/16 

12Alb8 

-1/16 

1/16 

3/8 

0 

0 

7/16 

-1/8 

0 

-9/16 

1/8 

1/16 

-9/16 

Anchor 

1/8 

0 

Si  te  D 


Anchor 

19A1701 

1/8 

0 

3/16 

-1/16 

13A1739 

-1/9 

0 

3/8 

-1/16 

13A1871 

23A1170 

29A757 

-3/9 

-5/16 

13/16 

5/16 

29A726 

-1  7/16 

9/16 

1  1/8 

-1/2 

29A798 

-1  3/16 

3  1/16 

1  5/16 

-3  3/16 

35A3989 

-1  15/16 

6  3/9 

1  3/9 

-6  15/16 

52B126 

3/16 

11 

-3/16 

-10  1/16 

61B81 

3/8 

12  15/16 

-7/16 

-13 

73B0692 

-3/16 

13  5/8* 

1/2 

-13  1/9 

52B125 

2  13/16* 

12  1/8 

-2  11/16 

-12  1/16 

66A317 

2  7/16 

S  1/16 

-2  1/8 

-7  7/8 

29A797 

2 

9  1/16 

-1  15/16 

-3  13/16 

13A1872 

1  11/16 

9/16 

-1  11/16 

-3/8 

15A139'= 

1  5/8 

-7/8 

-1  9/16 

15/16 

59B196 

Site  F. 


16A1393 

-1  1/16 

2  9/16 

1  1/2 

-2  9/16 

16A1396 

-11/ 16 

3  1/2 

1  1/16 

-3  7/16 

25A861 

-7/8 

1  1/9 

15/16 

-1  1/16 

52A209 

-15/16 

-2  5/8 

1  3/16 

2  13/16 

17 


Tabu-  Bl.  (Coiit'J). 


Sui’i'>'rt  no.  Sept 

147  7 

7hB(I.Sb« 

7  f)B08t)7 

7;..\0HS0 

7  jB(1850 

5JA-’14 

!4A7a99 

IbAl 394 

Anohor 


M.ir  Sept 

1978  1978 


1/16 
I/I6 
-1/4 
3/ Hi 
3/ Hi 
-  1/  Ih 
3/ Hi 
-1/8 
0 

1/8 
1/H> 
3/ Hi 


■-B,  B'  (in.) 
Sept  .^i.ir  Sept 

1977  1978  1978 


9/Hi--'‘ 
(1  1/2 

3  1/2 
-  1  3/8 
'3  i/4 
-9/  H. 

9  /  Hi 
I  3 /lb 
-3/4 
15/16 
-7/8 


2  3A1238 

25A862 

4 iB2  346 

42B0937 

35A2920 

2  JA 12  3  7 

25A863 

11.31450 

1 1AI452 

23A1240 

24B72 

24B69 

1341560 

Anchor 


1/4 

1/4 

1/4 

1/4 

1/4 

3/16 

1  11/16* 
15/16 
1  7/16 
1  1/8 
7/8 
1 

1/2 

3/16 

1/8 

0 

3/16 

3/16 

1/16 

1/16 

11/16 

11/16 

5/8 

9/16 

1/4 

5/16 

1/16 


1  3/16 
-15/16 
3  1/H> 
-3  3/16 
a  15/lb 

-  5 

5  3/16 

-  5  1/4 
i  3/4 

-  3  11/16 

1  7/16 
-1  3/8 

1/a 

-1/4 

-1/2 

1/8 

-  1 

1  1/1 6 
-2  i/4 

2  13/16 
-3  1/16 

3  i/16 
-2  7/16 

2  5/16 
-5/16 
5/16 


.S3  te  F 


I4A1574 

-3/16 

-1/2 

-11/16 

-1/16 

-1/16 

-  I  /  1  6 

1/16 

3/8 

5/16 

1/16 

1/16 

1/16 

16A14n 

-5/16 

-5/8 

-7/8 

1/8 

0 

1/16 

5/16 

1/2 

7/8 

0 

6 

1/16 

24B71 

-9/16 

-7/8 

-1  1/4 

1/4 

1/16 

1/16 

5/8 

7/8 

1  1/4 

-3/ 16 

-3/  16 

-1/8 

21A696 

-5/8 

-1 

-1  7/16 

3/8 

11/16 

13/16 

5/8 

1 

1  1/4 

-5/16 

-11/16 

-7/8 

21A694 

-13/16 

-1  1/4 

-1  3/8 

3/4 

1  3/8 

1  15/16 

3/4 

1  3/16 

i  7/16 

1/16 

-1/2 

-15/16 

33B3585 

-13/16 

-1  1/2 

-2  1/16* 

1  3/4 

2  3/4 

3  15/16 

15/16 

1  9/16 

2 

-1  13/16 

-2  7/8 

-4 

Bl.  (Coin'd)  . 


'.A 

,  '.a'  (ill. 

) 

.'.‘i,  ■  U’  (in.; 

Suj'port  no. 

Soi>t 

Mar 

Soi-t 

Sol.t 

Mar 

Si-pt 

1977 

1978 

19  78 

1977 

1978 

19  78 

!  )A2860 

-9/  lb 

-1  1/8 

-1  7/16 

2  5/16 

4  i/16 

5  t/16 

5/,-) 

1  1/16 

1  7/16 

-2  5/U, 

-  3  1  5  i  1  h 

-5  3/16 

iK09  50 

-5/  lb 

-7/16 

-11/16 

2  9/16 

4  5/8 

j  5/  16 

3/8 

9/16 

13/16 

-2  1/2 

-  4  5/8 

-5  1/4 

!  SAdSba 

9/  lb 

1  1/8 

1  S/16 

2  3/16 

1  15/16 

4  11/16 

0 

-1/2 

-7/8 

-2  1/8 

-1  7/8 

-4  3/a 

iJHibSl 

5/8 

1  1/8 

1  1/2 

1  7/16 

2  1/2 

)  9/16 

-1/2 

-15/16 

-1  3/8 

-■  7/8 

-2  1/2 

-3  1/2 

2JA701 

3/16 

1  1/8 

1  1/2 

3/4 

1  3/8 

2 

-5/8 

-15/16 

-1  1/4 

-11/16 

-1  7/16 

-1  7/8 

:iAh9  i 

7/16 

11/16 

1  1/16 

5/16 

3/8 

3/8 

-3/8 

-9/16 

-15/16 

-5/16 

-3/8 

-3/8 

2  iB94 

-1/4 

5/8 

13/16 

3/16 

1/8 

1/8 

-1/4 

-1/2 

-11/16 

-5/8 

-9/16 

-5/8 

1  BA  1 4  1  2 

1/8 

1/4 

7/16 

0 

-1/16 

-1/16 

-3/16 

-3/8 

-9/  16 

3/16 

1/16 

1/8 

I6A1409 

0 

0 

0 

0 

0 

0 

1/16 

1  /  1  f) 

1/16 

1/16 

1/16 

1/16 

lbAl4lO 

1/16 

1/  16 

1/16 

1/16 

-1/16 

-1/16 

0 

0 

-3/16 

0 

0 

0 

HAU94 

1/lG 

1/16 

1/16 

0 

0 

0 

Anchor 

1/16 
-5/  16 

1/16 

1/16 

0 

1/16 

1/16 

1/16 

UA1496 

-1/16 

-1/8 

-3/16 

1/8 

3/16 

1/4 

1/8 

1/4 

5/16 

-1/16 

-1/8 

-1/4 

21A695 

-1/4 

-9/16 

-5/8 

0 

-1/4 

-1/8 

3/8 

11/16 

3/4 

0 

1/8 

1/8 

J3A286J 

-3/16 

-9/16 

-3/4 

-1  7/8 

-2  1/2 

-3  1/8 

7/16 

13/16 

1 

1  15/16 

2  1/2 

2  15/16 

53B221 

1/2 

3/16 

9/16 

-3 

-4  1/8 

-5  3/8 

-3/8 

-1/16 

-5/16 

3 

4 

5  3/8 

41B1248 

1  1/4 

1  3/16 

1  3/4 

-3  5/16 

-4  1/4 

-5  3/4 

-1  9/16 

-1  1/16 

-1  9/16 

3  5/16 

4  1/4 

5  13/16* 

J1A2  789 

13/16 

3/4 

1  1/8 

-1  15/16 

-2  3/16 

-3  1/2 

-13/16 

-7/8 

-1  5/16 

1  15/16 

2  1/8 

3  9/lf. 

22A702 

0 

0 

0 

0 

0 

0 

0 

0 

-1/16 

0 

0 

0 

UA1A93 

13/16 

3/4 

1 

1  1/8 

) 

1  3/8 

-5/8 

-5/8 

-7/8 

-1 

-7/8 

-1  5/16 

1 1A1995 

9/16 

9/16 

11/16 

5/8 

5/8 

13/16 

-7/16 

-1/2  -11/16 

-9/16 

-5/8 

-13/16 

UM389 

-5/8 

-15/16 

-1  3/16 

5/16 

3/8 

5/8 

11/16 

7/8 

1  1/8 

-5/16 

-3/8 

-9/16 

13A1691 

-5/8 

-7/8 

-1  5/16 

1/8 

0 

1/3 

15/16 

15/16 

1  1/2 

-1/8 

1/16 

-1/16 

2M7 

-13/16 

-7/8 

-1  9/16 

-11/16 

-1  3/8 

-1  15/16 

13/16 

1  1/16 

1  5/8 

3/4 

1  3/8 

*1 

44A3992 

-15/16 

-1  3/16 

-1  1/16 

-2  15/16 

-3  15/16 

-5  3/16 

1 

1  1/4 

1  13/16* 

2  7/8 

3  7/8 

5  1/4 

658)2 

-3/8 

-7/16 

-7/16 

-4  1/16 

-5  3/4 

-7  7/8 

-5/16 

7/16 

3/8 

4  1/16 

5  11/16 

-7  15/16* 

65BI 1 

7/16 

1/2 

13/16 

-4 

-5  13/16 

-7  5/16 

-9/16 

-15/16 

-1 

3  13/16 

5  1/16 

7  3/8 
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Table  B1 .  ( Cent ' d) . 


'Ai_ /'V 

i.  .  . 

•,B,  B' 

•Support  no. 

Sept 

Mar 

Sept 

Si'pt 

Air 

— 

1977 

1978 

1978 

1977 

1978 

44.43980 

1/2 

9/16 

13/16 

-2  7/16 

-2  11/16 

-3/8 

-11/16 

-15/16 

2  i/H 

2  7/16 

.'A202 

0 

-3/8 

0 

0 

0 

-1/16 

0 

-1/16 

0 

0 

11.420 14 

3/16 

3/16 

3/8 

1/8 

1/8 

-11/16 

-11/16 

-15/16 

-1/4 

-1/4 

.4iu'  hor 

-3/16 

1/8 

13A2016 

-1/8 

0 

1/16 

1/16 

1/16 

1/8 

0 

-1/16 

-1/16 

-1/16 

2.4201 

1/16 

1/8 

0 

11/16 

7/8 

0 

0 

0 

-9/16 

-3/4 

24.41268 

3/16 

-1/16 

0 

2 

2  5/8 

-1/8 

-1/4 

-1/4 

_  0 

-2  5/8 

2.4204 

7/16 

1/2 

5/8 

2  1/8 

3  5/16 

-3/8 

-5/8 

-5/8 

-2  3/8 

-3  3/8 

14A1760 

3/8 

7/16 

1/2 

1  3/8 

1  3/4 

-1/4 

-5/16 

-7/16 

-1  3/8 

-1  3/4 

24A1266 

1/8 

3/16 

5/8 

-1/16 

1/16 

-1/lb 

-1/8 

-7/16 

1/16 

1/16 

43B3860 

1/4 

3/16 

5/16 

-1  5/16 

-1  15/16 

-1/16 

-1/3 

-1/16 

1  3/8 

2 

46.44088 

3/16 

5/16 

11/16 

-3/8 

-3/4 

1  3/8 

1  3/4 

-7/8 

3/8 

3/4 

52B123 

1/16 

1/8 

9/16 

-I  1/4 

-1  1/4 

-1/8 

-1/8 

-15/16 

1  1/4 

1  1/4 

44A3982 

3/16 

1/8 

7/16 

-1  3/4 

-1  3/4 

1/16 

1/16 

-1/4 

1  3/4 

1  3/4 

41B4111 

5/16 

1/2 

13/16 

-1  7/8 

-2  3/8 

-9/  16 

-9/16 

-1  3/16 

1  5/8 

2  3/16 

2A19 

3/16 

1/16 

3/16 

-1/8 

-1/8 

-3/16 

-1/4 

-1/4 

1/16 

0 

13A2013 

1/16 

1/8 

3/16 

1  15/16 

2  9/16 

-3/16 

-3/8 

-5/16 

-1  15/16 

-2  5/8 

2A73 

0 

1/8 

1/16 

2  7/8 

4 

1/16 

-1/16 

-1/16 

-2  3/4 

-4 

2A75 

5/8 

7/8 

I  1/8 

1  13/16 

2  7/16 

-1/2 

-13/16 

-7/8 

-1  13/16 

-2  7/16 

2A18 

1/2 

11/16 

7/8 

1/4 

7/16 

-1/4 

-3/8 

-11/16 

-3/16 

-3/8 

23A1406 

5/16 

7/16 

9/16 

1/8 

1/8 

-3/16 

-5/16 

-7/16 

0 

-1/8 

16A1450 

-1/8 

0 

1/16 

1/8 

1/8 

1/16 

-1/8 

-1/8 

1/16 

1/8 

13A2015 

-1/16 

-1/16 

0 

0 

0 

5/16 

14A1908 

3/16 

1/16 

-1/16 

-1/8 

-1/16 

3/8 

14A1758 

1/16 

1/16 

1/16 

1/16 

0 

0 

Anchor 

1/8 

14A1906 

-7/16 

-11/16 

-5/16 

7/16 

11/16 

3/8 

-11/16  -7/8  -13/16 


in.; 

1^78 

-4  l/H 

0 

(I 

3/8 

-1/2 


1/16 

0 

1  7/lfa 
-1  3/8 

J  1/8 
-5  1/8 
4  1/8 
-4  1/16 

2  3/16 
-2  1/S 
-7/16 

1/2 

-3  1/2 

3  3/8 
-3  9/16 

4  1/2 
-4  9/16 

4  9/16 
-4  5/16 
4  5/16 
-3  9/16 

3  1/4 
-1/8 

0 

2  3/8 
-2  5/8 

4  1/16 
-3  15/16 

2  3/4 
-2  3/4 
11/16 
-3/4 
3/8 
-1/8 
3/16 
1/8 
0 

5/16 

-1/16 

3/8 

0 

-1/16 


-1/4 
3/16 
-1  1/8 


14A1907 


Table  Bl.  (Cont'd). 


lA,  .-.A’  (in. 

J _ 

Unj 

Support  no. 

Sept 

Mar 

Sept 

_ 

Sept  Mar 

Sept 

— 

1977 

1978 

1978 

1977  1978 

1978 

lAA190r 

-1/2 

-13/16 

-1  1/4 

-1  7/16 

7/16 

1/2 

1  5/16 

1  5/8 

2.M0i 

-9/16 

-3/4 

1/8 

1/4 

3/8 

9/16 

-  1/ 16 

-3/8 

i5AQ190 

-13/16 

-1  3/16 

3  3/8 

4  5/16 

9/16 

1 

-3  5/16 

-4  7/16 

516811 

-1  1/16 

-1  1/2 

6  3/8 

7  11/16 

7/8 

1  1/8 

6  3/16 

7  11/16 

56A462 

1  5/!6 

)  )3/l6 

6  5/16 

8  11/16* 

-1  5/16 

-1  3/4 

-6  1/4 

-8  n/16 

61B91 

1  7/16 

1  7/8 

4  3/16 

-6  3/4 

-1  1/4 

-1  3/4 

-4  3/16 

6  3/4 

5iA4ll 

1/16 

1  5/8 

2  1/2 

4  3/8 

-1 

-1  1/2 

-2  3/8 

-4  5/16 

64847 

1  1/4 

1  15/16* 

1  11/16 

2  3/4 

-1  1/4 

-1  5/8 

-1  3/4 

-2  13/16 

23A1403 

1  1/4 

3/16 

-1  3/16 

-3/16 

*  Maximum  displacement  at  each  site. 
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Table  B2.  VSM  tilt  and  changes  in  tilt. 

First  row:  measurement  (',  H 
Second  row:  measuremont  C,  l>' 

Positive  reading:  Outward  inclination  perpendicular  to  pipeline. 

Downstream  (relative  to  pipeline  ilow)  inclination 
parallel  to  pipeline  (see  Fig.  2). 


Perpendicular  to  pipeline 

Parallel 

to  pipeline 

Support 

Tilt  (°) 

Tilt  (“) 

rut 

Tllt'C’T' 

Tilt  (°) 

lilt 

_  _ 

Sept  77 

■Sept  ^8 

Change  (°) 

Sept 

Sept  78 

SJ  te 

A 

33A3A09 

0.06 

0.01 

0.05 

0.09 

0 

0.09 

-0.23 

-0.24 

0.01 

-0.02 

-0.02 

0 

7BlAi 

-0.08 

-0.05 

0.03 

-0.05 

-0.10 

0.05 

-0.A5 

-4.2 

0.03 

-0.71 

-0.68 

0.03 

8ZA46 

0 

0.04 

0.04 

0.12 

0.  16 

0.04 

0.03 

-0.06 

0.09 

0.15 

-0.06 

0.21 

62A178 

0.75 

0.75 

0 

0.12 

0.30 

0.  18 

0.55 

0.41 

0. 14 

0.  18 

0.28 

0.  10 

24A920 

0.  15 

0.24 

0.09 

-0.  31 

-0.31 

0 

-0.08 

-0.06 

0.02 

0.09 

0.05 

0.04 

lUnSA 

0.20 

0.28 

0.08 

-0.60 

•0.73 

0.  13 

-0.08 

-0.08 

0 

0.43 

0.43 

0 

Site 

J 

22A90 

-0.02 

0. 10 

0.  12 

-0.02 

0.07 

0.09 

0.06 

0.03 

0.03 

-0.11 

-0.12 

0.01 

22A91 

-0.05 

-0.04 

0.10 

-0.02 

-0.12 

0.  10 

0.06 

0.24 

0.18 

-0.31 

-0. 19 

0.  12 

23A193 

O.OA 

0. 16 

0.12 

0.03 

0 

0.03 

-0.20 

-0.01 

0.01 

-0.02 

0.03 

0.03 

23A195 

-0.05 

0.02 

0.07 

0 

0 

0 

-0.  54 

-0.49 

0.05 

0.06 

0.  14 

0.08 

A3A0389 

-0.11 

-0.08 

0.03 

-0.02 

0.03 

0.05 

0.06 

0.18 

0.12 

-0.17 

-0.04 

0.  13 

63B9 

0.03 

0.05 

0.02 

-0.02 

0 

0.02 

-0.37 

-0.28 

0.07 

-0.34 

-0.40 

0.06 

71A0265 

0.04 

0.18 

0.14 

-0. 1 1 

-0.  10 

0.01 

-0.11 

-0.06 

0.05 

-0.40 

-0.46 

0.06 

71B0889 

-0.31 

-0. 18 

0.13 

-0.  31 

-0.  36 

0.05 

-0.40 

-0.46 

0.06 

0.03 

0.15 

0.12 

73A0AA8 

0.38 

0.40 

0.02 

0.09 

0. 16 

0.07 

-0.  U 

-0.02 

0.09 

-0.08 

0 

0.08 

62B5 

-0.43 

-0.41 

0.02 

-0.37 

-0.28 

0.09 

-0.34 

-0.  38 

0.04 

0.49 

0.50 

0.01 

44A0A60 

-O.li 

-0.  16 

0.05 

-0.05 

-0.02 

0.03 

-0.02 

-0,04 

0.02 

-0.08 

-0.13 

0.05 

23A194 

0 

-0.  10 

O.IO 

0.03 

-0.  13 

0. 16 

-0.02 

-0.01 

0.01 

0.  18 

0.20 

0.02 

15A1618 

0.03 

0.08 

0.05 

0.03 

-0.20 

0.23 

0 

-0.01 

O.Ol 

0.03 

0.30 

0 

25A93 

-0.  n 

-0.09 

0.02 

-0.11 

-0.  14 

0.03 

0 

0.02 

0.02 

-0.20 

-0. 10 

0. 10 

25A142 

0.03 

-0.09 

0.12 

0.03 

0.33 

0.30 

0 

-0.14 

O.IA 

-0.  14 

-0.  10 

0.04 
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Table  B2.  (Cont’d) 


I’erpend 

i c u  1  a r  to  1  i ne _ 

Paral  lei  to 

1  i  ne 

Support 

TUt  (“) 

TUt  (“) 

TUt 

Tilt  (“) 

TUt  (”) 

'  Ti'u 

no. 

Sept  7 7 

Sejit  78 

CJian^e  ( °) 

Sept  7 7 

Syit  78 

(dian^e 

15AU)49 

0.03 

0.55 

0.52 

0.03 

0.  18 

0.  1  5 

0.  12 

0.33 

0.21 

-0.02 

-0.  20 

0.  18 

Anchor 

Site  C 

21A115 

-0.  28 

-0.  12 

0.  16 

-0.23 

-0.  28 

0.05 

-0.  1 1 

-0.01 

0.  10 

-0.45 

-0.25 

0.  20 

25A149 

-0.02 

0.  15 

0.17 

-0.20 

-0.02 

0.  18 

0 

0.  19 

0.  19 

-0.11 

-0.  12 

0.01 

25A151 

0 

-0.01 

0.01 

0.03 

0.15 

n.  12 

0.  30 

0.  14 

0. 1 1 

-0.  14 

-0.11 

0.03 

2  5A 1 50 

-0.23 

-0.09 

0.  14 

-0.23 

-0.08 

0.15 

-0.05 

-0.04 

0.01 

0 

0.03 

0.03 

25A152 

-0.08 

-0.02 

0.06 

-0.02 

-0.06 

0.04 

-0.05 

-0.  10 

0.05 

-0.63 

-0.47 

0.  16 

44.A0446 

0.03 

0.15 

0.  12 

-0.31 

-0.16 

0.  15 

-0.  20 

-0.  13 

0.07 

-0.11 

-0.05 

0.06 

62B3 

0.  15 

0.22 

0.07 

-0.23 

0.02 

0.25 

-0.  14 

-0.06 

0.08 

-0.02 

0 

0.02 

7280130 

0.  12 

0.15 

0.03 

0 

0.05 

0.05 

-0.  23 

-0.  18 

0.05 

-0.25 

-0.25 

0 

74A0099 

-0.05 

0 

0.05 

0.03 

0.05 

0.02 

-0.08 

0 

0.08 

0 

0.  10 

0.  10 

72B0132 

0.32 

0.43 

0.11 

0.03 

0.  19 

0.16 

-0.  14 

-0.09 

0.05 

-0.37 

-0.  35 

0.02 

5  5A37 

0.03 

0.  13 

0. 10 

0.03 

0.24 

0.21 

0.03 

0.08 

0.05 

0.  12 

0.19 

0.07 

21A113 

0.20 

0.  34 

0.14 

0. 18 

0.33 

0.15 

0.  32 

0.45 

0.13 

-0.11 

-0.28 

0.17 

1 IA129 

-0.02 

0.05 

0.07 

0.03 

-0.07 

0.  10 

0.09 

0.  12 

0.03 

0.09 

0.18 

0.09 

12A166 

0.20 

0.25 

0.05 

0.20 

0.16 

0.04 

0.  12 

0.  26 

0.  14 

0.06 

0.27 

0.21 

12A168 

-0.02 

-0.20 

0 

-0.08 

-0.07 

0.01 

0.  15 

0.22 

0.07 

-0.11 

0.06 

0.17 

Anchor 

Site  D 

14A1701 

0.11 

0.12 

0.02 

-0. 18 

13A1739 

-0.33 

0.11 

0.  36 

-0.24 

13A1871 

0.21 

0.09 

0.17 

-0.  14 

23Ail70 

0.22 

0.28 

0.  36 

0.09 

24A757 

-0.  36 

-0.29 

0.06 

-0.37 

24A726 

0.24 

0.12 

0.49 

-0.55 

24A798 

0.53 

0.03 

0.05 

0.03 

35A3498 

-0.  21 

-0.23 

-0.07 

0.  35 
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Table  B2. 

Support 
_ no. _ 

52B126 

61B81 

73B0692 

52B125 

66A317 

13A1872 

15A1395 

16K1393 

16A1396 

25A8bl 

52A209 

76B0868 

76B0867 

7AA0880 

73B0850 

52A21A 

3AA2899 

16A139A 

Anchor 

23A1238 

25A862 

A3B2  3A6 

A2B0937 

35A2920 

23A1237 

25A863 


(Cont'd' 

Perpendicular  to  pipeline _ 

Tilt  C)  Tilt  ('’)  Tilt 
Sept  77  Sept  78  ChanRe  O 


_ allel  to  p i pe  1  i ne _ 

Tilt  r)  Tilt  ('’)  Tilt 
Sept  77  Sept  78  (LliajlSf 


-0. 10 
0.05 
0.25 
0.05 
-0.07 
0.  18 
-0.06 
0.15 
0.22 
0.22 
0. 17 
0.  27 
-0.03 
0.09 
-0.05 
-0.03 


-0.22 
0. 16 
-0.60 
-0.  14 
-0.  27 
0 

-0.  14 
0.22 
-0.11 
0.  34 
-0.06 
0.03 
0.04 
0.15 
-0.02 
0.10 


Site  E 


0.  10 
-0.  18 
0. 12 
-0.  14 
-0.  13 
0.  71 
0.  14 
-0. 10 
-0.  15 
-0.20 
0.07 
-0.22 
-0.78 
0.80 
-0.  12 
-0.27 
-0.05 
0. 18 
0.  14 
0.01 
0.  12 
-0.05 


0.20 
-0.09 
0.  30 
-0.49 
-0.12 
-0.  18 
0.08 
-0.04 
-0.35 
-0.35 
-0.62 
-0.03 
-0.  36 
0.  15 
-0.03 
-0.07 
0 

-0.06 

0.11 

-0.07 

-0.22 

-0.54 


0.  18 
-0.  14 
-0. 18 
-0.04 
-0.03 
0.20 
-0.03 
0.06 
0.40 
-0.08 
-0.06 
0.06 
0.  15 
-0.  12 


-0.  34 
-0.  20 
0 

-0.51 
0.02 
0.  14 
-0.  10 
-0.06 
0.04 
-0.  5) 
-0.  11 
0.  11 
-0.  15 
-0.  26 
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Table  B2.  (Cont'd). 


Perpend 

icular  to 

pipeline 

Parallel  to  pipeline 

Support 

tTic  (°) 

Tilt  (°) 

Tilt 

Tilt  C) 

Tilt  C) 

Tilt 

no. 

Sept  77 

Sept  78 

Change  (°) 

Sept  77 

Sept  73 

Change  (°) 

HAUSo 

0.41 

0.57 

-0.06 

-0.56 

HAI'i52 

-0.01 

0.17 

0.11 

-0.  33 

23Al2<iO 

-0. 14 

0.15 

0.29 

-0.05 

24B72 

0.  11 

-0.03 

0.38 

-1.0 

2  ^"6  9 

-0.08 

0.08 

0.05 

0.27 

nA1560 

0.  17 

0. 16 

-0.01 

-0.14 

Anchor 

Site  F 

1AA1574 

-0.45 

-0.43 

0.02 

-0.57 

-0.55 

0.02 

-0.31 

-0.29 

0.02 

C.06 

0.04 

0.02 

16A1AU 

-0.40 

-0.39 

0.01 

0.03 

0.05 

0.02 

0.38 

0.42 

0.04 

-0.71 

-0.70 

0.01 

2AB71 

-0.45 

-0.51 

0.06 

-0.20 

-0.16 

0.04 

-0.37 

-0.39 

0.02 

-0.20 

'-0.17 

0.03 

21A696 

-0.20 

-0.18 

0.02 

-0.08 

-0.  19 

0.11 

-0.14 

-0.13 

0.01 

0.03 

0.05 

0.02 

21A694 

0 

-0.05 

0.05 

0.26 

0.27 

0.01 

-0.11 

-0.12 

0.01 

-0.02 

-0.01 

0.01 

33B3585 

0.23 

0.29 

0.06 

0.15 

0.  16 

0.01 

0.  15 

0.22 

0.07 

-0.43 

-0.46 

0.03 

33A2860 

-0.11 

-0. 12 

0.01 

-0.23 

-0.09 

0.  14 

-0.17 

0.03 

0.20 

-0.02 

-0.08 

0.06 

43B0950 

-0.08 

-0.  12 

0.04 

0.26 

0.  34 

0.08 

-0.08 

-0.09 

0.01 

-0.20 

-0.34 

0.14 

33A2858 

0.  12 

0.05 

0.07 

0 

0 

0 

-0.  17 

-0. 12 

0.05 

0.46 

0. 38 

0.08 

33B3591 

0.23 

0.23 

0 

0.09 

0.15 

0.06 

0.09 

0.05 

0.04 

-0.20 

-0.24 

0.04 

22A701 

0.26 

0.27 

0.01 

0.09 

0.01 

0.08 

-0.  14 

-0.  12 

0.02 

0.03 

-0.04 

0.07 

21A693 

0.  15 

0.05 

0.10 

-0.17 

-0.26 

0.09 

-0.08 

-0.07 

0.01 

-0.14 

-0.06 

0.08 

23B94 

0.23 

0.  19 

0.04 

-0.17 

-0.23 

0.06 

-0.25 

-0.25 

0 

-0.28 

-0.32 

0.04 

16A14U 

0.09 

0. 19 

0.  10 

-0.14 

-0.14 

0 

0.  12 

0.  12 

0 

0.03 

-0.02 

0.05 

16A1409 

0.37 

0.52 

0. 15 

0.23 

0.22 

0.01 

0. 18 

0.39 

0.21 

-0.60 

-0.68 

0.08 

16A1410 

0.46 

0.57 

0.11 

-0.  31 

-0.36 

0.05 

-0.40 

-0.34 

0.06 

-0.20 

-0.21 

0.01 

11A1494 

0.32 

0.40 

0.08 

-0.02 

0.08 

0.  10 

0.46 

0.51 

0.05 

-0.08 

0.  16 

0.24 

Anchor 

11A1496 

0.06 

0.24 

0. 18 

0.  12 

0.23 

0.  1 1 

-0.17 

-0.  16 

O.Ol 

-0. 14 

-0.27 

0.13 

21A695 

-0.02 

0.05 

0.07 

0.03 

0.05 

0.02 

0.20 

0.29 

0.09 

-0.25 

-0.40 

0.  15 

33A2863 

0.06 

0. 15 

0.09 

0.  12 

0.13 

0.01 

0.26 

0. 19 

0.07 

-0.17 

-0.32 

0.15 
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Table  B2. 

Support 

53B221 

41B1248 

31A2789 

22A702 

11A1493 

11A1495 

11A1389 

13A1691 

2A17 

44A3992 

65B12 

65B11 

44A3980 

2A202 

13A2014 

Anchor 

13A2016 

2A201 

24A1268 

2A204 

14A1760 

24A1266 

43B3860 

46A4088 

52B123 

44A3982 


(Cont ' d) . 


Perpendicular  to  pipeline 


Tilt  C) 
Sept  77 

Tilt  (°) 

Tilt 

Change 

-0.  14 

-0.27 

0.  13 

0.03 

0.  13 

0. 10 

-0.05 

-0.24 

0.  19 

0.03 

0.05 

0.02 

-0.23 

-0.25 

0.02 

-0.05 

-0.07 

0.02 

0.26 

0.35 

0.09 

0.35 

0.  34 

0.01 

0.03 

-0.03 

0.06 

0.20 

0.  16 

0.04 

-0.25 

-0.  24 

0.01 

0.03 

0.06 

0.03 

Parallel  Co  pipeline _ 

Tilt  (°)  Tilt  (°)  Tilt 


Sept  77 

Sept  78 

Change 

0.29 

0.20 

0.09 

-0.23 

-0.20 

0.03 

0 

-0.^0 

0.20 

-0.17 

-0.09 

0.08 

-0.08 

-0.07 

0.01 

-0.02 

-0.04 

0.02 

-0.11 

-0.05 

0.06 

-0.28 

-0.45 

0.  17 

0.03 

0.04 

0.01 

-0.17 

-0.24 

0.07 

-1.17 

-1.24 

0.07 

-0.17 

-0.20 

0.03 

Site  C 


-0.23 

-0.35 

0.  12 

-0.40 

-0.66 

0.26 

-0.34 

-0.  30 

0.04 

0.12 

0.  14 

0.02 

-0.25 

-0.26 

0.01 

-0.28 

-0.23 

0.05 

-0.23 

-0.29 

0.06 

0.  38 

0.21 

0.17 

-0.20 

-0.40 

0.20 

0.43 

0.68 

0.25 

-0.25 

-0.25 

0 

-0.48 

-0.  72 

0.24 

-0.83 

-0.78 

0.05 

0.41 

0.48 

0.07 

0.  58 

0.48 

0. 10 

-0.28 

-0.  36 

0.08 

-0.40 

-0.34 

0.06 

-0.63 

-0.47 

0.  16 

-0.08 

0 

0.08 

-0.77 

-0.65 

0.  12 

-0.08 

0.05 

0.13 

-0.45 

-0.47 

0.02 

-0.80 

-0.69 

0.  11 

-0.05 

-0.  37 

0.  32 

-0.17 

-0.24 

0.07 

-0.20 

0.  33 

0.53 

-0.11 

-0.08 

0.03 

0.06 

0 

0.06 

0.  IS 

0.  14 

0.01 

-0.11 

-0.13 

0.02 

0.55 

0.  76 

0.21 

0.12 

0.13 

0.01 

-0.43 

-0.  56 

0.13 

-1.46 

-1.42 

0.04 

0.41 

0.  56 

0.  15 

-0.51 

-0.43 

0.08 

-0.65 

-0.44 

0.21 

-1.26 

-1.33 

0.07 

0.03 

0.  26 

0.23 

-0.05 

0.06 

0.11 

-0.28 

-0.26 

0.02 

-0.20 

-0.09 

0.  1 1 

0.  12 

0.  14 

0.02 

-0.48 

-0.46 

0.02 

-0.23 

-0.  13 

0.  10 

-0.28 

-0.21 

0.07 

-1.54 

-1.63 

0.09 

0.35 

0.  32 

O.Oj 

0.03 

0.04 

0.01 

0.12 

0.  71 

0.  59 

0.66 

0.25 

0.41 

-1.11 

-1.13 

0.02 

1.06 

1.07 

0.01 

-1.06 

-1.02 

0.04 

1.49 

1.40 

0.09 

0.98 

0.94 

0.04 

-1.49 

-1.49 

0 

0.20 

0.31 

0.11 

-0.48 

-0.  77 

0.29 

-0.25 

-0.28 

0.03 

-0.25 

-0.21 

0.04 

0.49 

0.54 

0.05 

-0.05 

0.02 

0.07 

1.27 

1.32 

0.05 

0.72 

0.80 

0.08 

-0.  74 

-0.63 

0.11 

0.38 

0.  39 

0.01 

-0.05 

0 

0.05 

0.20 

0.22 

0.02 

0.66 

0.  77 

0.11 

0.49 

0.49 

0 

-0.17 

-0.  19 

0.02 

-0.05 

0 

0.05 

-0.05 

0.20 

0.25 

-0.20 

-0.06 

0. 14 

-0.31 

-0.27 

0.04 

-0.31 

-0.  17 

0.  14 

-0.77 

0.22 

0.99 

0. 18 

-0.91 

1.09 

-0.20 

0.08 

0.28 
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Table  B2.  (Cont'd). 


Perpendicular  to 

pipeline 

Parallel  to  pipcl 

ine 

Support 

Tilt  (“) 

Tilt  (“) 

Tilt 

Tilt  (“) 

Tilt  (“) 

Tilt 

no . 

Bept  77 

Sept  78 

Change  (°) 

Sept  11 

Sept  78 

Change  (° ) 

2A19 

0.  12 

0.26 

0. 14 

-0.08 

-0.03 

0.05 

0.03 

-0.06 

0.09 

-0.05 

-0,49 

0.44 

13A2013 

-0.  25 

-0.  56 

0.31 

0.55 

0.79 

0.24 

0 

0.  25 

0.25 

-0.57 

-0.44 

0.13 

2A7  3 

-0.08 

-0.06 

0.02 

0.26 

0.43 

0.17 

0.61 

1.00 

0.39 

-0.40 

-0.  33 

0.07 

2A75 

-0.11 

-0.  10 

0.01 

0.43 

0.43 

0 

-0.17 

-0,12 

0.05 

-0.02 

0.11 

0.13 

2A18 

-0.31 

-0.  24 

0.07 

-0.34 

-0.  16 

0.  18 

-0.  37 

-0.33 

0.04 

-0.08 

0.09 

0.  17 

23A1406 

-0.06 

0.05 

0.11 

-0.65 

-0.69 

0.04 

-0.43 

-0.41 

0.02 

-0.28 

-0.15 

0.  13 

16A1450 

0.29 

0.45 

0.16 

-1.06 

-0.94 

0.  12 

0.92 

0.93 

0.01 

-0.97 

-0.94 

0.03 

14A1908 

0.20 

0.58 

-0.52 

-0.61 

13A2015 

0.41 

0.48 

0.  12 

0 

14A1758 

1.36 

0.40 

0.03 

-0.84 

14A1906 

UA1907 

14A1905 

2A203 

35A0190 

53B8b 

56A462 

63B91 

53A41U 

64B47 


0.  39 
0.44 
0.80 
-0.20 
-0.  33 
0.63 
0.31 
-0.07 
-0.01 
-0.  70 
-0.59 
1.33 
-0.29 
0.75 
-0.28 
-0.42 
0.07 
0.40 
0.  13 
-0.  18 
0.  12 
0.03 


0.08 

-0,44 

1.52 

0 

-0.  17 
-0.11 
-0.30 
-0.21 
1.18 
0.05 
0.21 
-1.61 
-0.06 
-0.  33 
0.  16 
-0. 10 
-0.25 
0.23 
0.49 
0.06 
0.  10 
0 


23A1405 


Table  B3.  Changes  in  relative  elevation  of  pipeline  supports 
from  Alyeska  Pipeline  Service  C.o.). 


Support 

Aw-bu i 1 t 

Kelative  elevation 

(It) 

no . 

clovat ion 

A.s-hni  1 1 

Sopt 

S»*pt 

..1*0, 

197  7 

1978 

Site  A 

Klovatiou  ro 

lative  to  3  1A3409 

Survov  .Xt’curary  0.01  it 

Ani.’hor 

i 3A  3409 

2495.89 

0 

0.01 

0 

7K141 

2495.74 

-0.15 

-0.  14 

-0.  16 

82A46 

2495.58 

-0.31 

-0.29 

-0.  11 

> 

2495.35 

-0.  54 

-0.60 

-0.62 

6 

2495. 22 

-0.67 

-0.70 

-0.71 

7 

2495.07 

-0.82 

-0.87 

-0.  89 

8 

2494.91 

-0.98 

-1.02 

-1.04 

9 

2494.77 

-1.12 

-1.26 

-1.28 

10 

2494.51 

-1.74 

-1.48 

-1.51 

1  1 

2494.  16 

-1.73 

-1.80 

-1.84 

12 

2493.80 

-2 . 09 

-2.  14 

-2.  19 

13 

2493. 44 

-2.43 

-2.52 

-2.58 

14 

249  3.07 

-  2 .  .S  1 

-2.88 

-2.91 

15 

2492.71 

-3.  18 

-3.24 

-3.28 

16 

2492. 35 

-3.54 

-3.58 

-3.60 

17 

2491.99 

-3.90 

-3.96 

-3.97 

18 

2491.62 

-4.27 

-4.36 

-4.  36 

19 

2491.27 

-4.62 

-4.72 

-4.73 

20 

2490.91 

-4.98 

-5.04 

-5.06 

21 

2490.  10 

-5.  79 

-5.88 

-5.90 

22 

2488.78 

-7.11 

-7.14 

'7.13 

23 

2487.46 

-8.43 

-8.52 

-8.54 

24 

2486.07 

-9.82 

-9.96 

-10.01 

25 

2434.45 

-11.44 

-11.52 

-11.56 

2482.92 

-12.97 

-13.10 

-13.  11 

27 

2482.43 

-13.46 

-13.54 

-13.56 

28 

2482.87 

-13.02 

-13. 1 1 

-13.  14 

29 

2483.29 

-12.60 

-12.70 

-12.72 

30 

2483.74 

-12.15 

-12.25 

-12.27 

11 

2484.20 

-11.69 

-11.77 

-11.79 

32 

2484.64 

-11.25 

-11.36 

-11.37 

33 

2486.97 

-8.92 

-8.93 

-8.95 

34 

2493.07 

-2.82 

-2.96 

-2.98 

35 

2501.61 

5.72 

5.60 

:>.  38 

36 

2510. 15 

14.26 

14.04 

14.02 

37 

2320. 38 

24.49 

24.28 

24.25 

624178 

2531.62 

35.  73 

37.75 

37.72 

24A920 

2543.  29 

4  7.40 

47.45 

47.41 

11A1754 

2549.98 

54.09 

3t-.42 

54 . 36 

Anchor 

2552.03 

(as-iniilt 


Cliange  in 
e  levat ion 
Sept  77  to 
^ep  t  7  H 


-0.01 

-0.07 

-0.02 

-0.02 

-0.01 

-0.02 

-0.02 

-0.02 

-0.0) 

-O.OA 

-O.Cj 

-O.Oh 

-0.0) 

-0.0.1 

-0.02 

-0.01 

0 

-0.01 

-0.02 

-0.02 

-0.01 

-0.02 

-0.05 

-0.04 

-0.03 

-0.02 

-0.02 

-0.02 

-0.02 

-0.02 

-0.01 

-0.02 

-0.02 

-0.02 

-0.02 

-0.03 

-0.03 

-0.04 

-O.Oh 


Site  H  Elevation  relative  to  15Alh49W 

Survey  aceuraey  (7.02  ir  (1977),  0.04  it  (197S) 


dat:. 


r.'l  .11  i  ve 
(it  ) 

A.s-hni  It 
to  Sept  7S 


0 


-0. 

01 

0 

-0. 

08 

-0. 

04 

-0, 

07 

-0, 

06 

-0. 

1 7 

-0, 

2) 

-0. 

12 

-0. 

10 

-0. 

1  i 

-0. 

09 

-0. 

10 

-0. 

06 

-0. 

07 

-0. 

09 

-0. 

1  1 

-0. 

08 

-0. 

1  1 

-0. 

04 

-0. 

10 

-0. 

19 

-0. 

,  12 

-0. 

,06 

-0, 

,  10 

-0 

.12 

-0 

.  12 

-0 

.12 

-0 

.  10 

-0 

.12 

-0 

.03 

-0 

.  10 

-0 

.  12 

-0 

.24 

-0 

.24 

1 

.99 

0 

.01 

0 

.27 

22A90 

1952.30 

-11.35 

-11.70 

-11.69 

0.01 

-0.  34 

22A91 

1952.70 

-10.95 

-10.88 

-10.88 

0 

0.07 

2  3A193 

1953.09 

-10.56 

-10.22 

-10.22 

0 

0. 34 

23A195 

1953.47 

-10. 18 

-10. 10 

-10.09 

0.01 

0.09 

4  3A03a9 

1953.85 

-9.80 

-9.82 

-9.81 

0.01 

-0.01 

63R9 

1954.24 

-9.41 

-9.48 

-9.44 

0.04 

-0.01 

71A0265 

1954.64 

-9.01 

-9.05 

-9.05 

0 

-0.04 
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Table  B3.  (Cont*d) 


C'lian^e  in  relative 

vSli  pport 

As-bii  il  t 

Relat ive  eievat ion 

(ft) 

elevation 

(ft) 

no. 

elevation 

As-built 

Sept 

Sept 

Sept  77  to 

/'vS-lnn  1 1 

— 

— 

1977 

19J8 

Sc  j^t _ 1 8 

to  SejH  7 

71B0889 

1955.03 

-8.62 

-3.67 

-8.68 

-0.01 

-0.06 

7  3A0498 

1955. A4 

-8.21 

-8.27 

-8.27 

0 

-0.06 

1955.84 

-7.81 

-7.85 

-7.85 

0 

-0.04 

A9A0960 

195fa.2'5 

-7.42 

-7.46 

-7.46 

0 

-0.04 

23A19A 

1957.21 

-6. 44 

-6.48 

-6.48 

0 

-0.04 

15A1618 

1958. 77 

-4.88 

-4.87 

-4.87 

0 

0.01 

23A93 

1960. 40 

-3.25 

-3.26 

-3.26 

0 

-0.  01 

2  iAlA2 

1962.02 

-1.63 

-1.63 

-1.62 

0.01 

0.01 

15Ai6A9 

Anchor 

196J.65 

0 

0 

0 

0 

0 

_SJ._te  C  Klovation  relative  to  2IA115W 
Survey  aecuraey  0.02  ft 


21A115 

1153.73 

0 

-0.04 

-0.04 

25A149 

1159.63 

5.90 

5.90 

0 

25A151 

1161,26 

7.53 

7.53 

0 

25A150 

1 158.46 

4.73 

4.97 

0.24 

25A152 

1 155. 74 

2.01 

2.01 

0 

44A0446 

1152.22 

-1.31 

-1.51 

0 

62  ) 

1 147.89 

-5.84 

-5.86 

-0.02 

72B0130 

1143.45 

-10.28 

-10.29 

-0.01 

7460099 

1  143.49 

-10.24 

-9.91 

0.33 

72H0132 

1 148.05 

-5.68 

-5.69 

-0.01 

55A.57 

1152.49 

-1.24 

-1.26 

-0.02 

21A113 

1156.91 

3.  18 

3.16 

0.02 

116129 

1 161. 36 

7.63 

7.59 

0.04 

1 26 1 66 

1165.89 

12.16 

12.14 

0.02 

126 168 

1170.43 

16.70 

16.70 

0 

Anchor 

Site  il 

r.levation  relative  to 

1561395 

Survey  accuracy  0.06 

\  t 

15A1395 

927.93 

0 

-0.01 

-0.01 

13A1872 

916.83 

-11.10 

-11.12 

-0.02 

24A797 

906.28 

-21.65 

-21.71 

-0.06 

66A317 

896.28 

-31.65 

-31.68 

-0.01 

52B125 

886.83 

-41.10 

-41.13 

-0.03 

73B0692 

876.83 

-51.  10 

-51.15 

-0.05 

61B81 

866.87 

-61 .06 

-61.10 

-0.04 

52B126 

856.92 

-71.01 

-71.04 

-0.0  3 

35A3489 

847.43 

-80.50 

-80. 56 

-0.06 

24A798 

838.31 

-89.62 

-89.67 

-0.05 

24A726 

829.51 

-98.42 

-98.48 

-0.06 

24A757 

820.24 

-107.69 

-107. 75 

-0.06 

23A1170 

814.71 

-113.22 

-113.28 

-0.06 

13A1871 

809. 79 

-118.  14 

-118.17 

-0.  03 

IBM  7  39 

801.67 

-126.26 

-125.96 

-0.  30 

14A1701 

797.62 

-130. 31 

-1  30.3  3 

-0.02 

Anchor 

Site  F. 

Klevation  reiative  to 

12M560 

Survey  accuracy  0.002 

ft 

1 6A 1 39  3 

466.69 

10.28 

10.51 

-0.2  3 

16A1396 

466.84 

10.13 

10.00 

0.  1  3 
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Table  B3.  (Cont'd). 


Support 

As-built 

Relative  elevation 

(ft) 

no . 

e Icvut ion 

As-hui 1 t 

Sept 

Sept 

(ft) 

1977 

1978 

25A861 

466.98 

9.99 

9.74 

52A209 

467.11 

9.86 

y .  bu 

76B0868 

467. 25 

9.72 

9.b9 

76B0867 

467.39 

9. 58 

9.59 

74A0880 

467.54 

9.43 

9. 

7  3 BOS 50 

467.68 

9.29 

9.29 

52A214 

467.82 

9.  15 

9.  1  5 

34A2899 

467.95 

9.02 

9.02 

16A1394 

468.  10 

8.87 

8.88 

Anchor 

23A1238 

468.  33 

8.59 

8. 59 

25A862 

468. 53 

8.44 

8.45 

43B2  346 

468.82 

8.  15 

8.15 

42B0937 

469.29 

7.68 

7.70 

35A2920 

469.69 

7.28 

7.28 

23A1237 

470.  13 

6.84 

b .  84 

25A863 

470.56 

6.41 

6.39 

11A1450 

471.00 

5.97 

5.97 

UA1452 

471.43 

5.54 

5.55 

23A1240 

472.58 

4.39 

4 . 40 

24B72 

474.46 

2.51 

2.  51 

24B69 

476.37 

0.60 

0.58 

13A1560 

476.97 

0 

0 

Anchor 

Site  F 

Elevation  relative  to 

14A1574 

Survey  accuracy  0.01 

ft 

14A1574 

519.  13 

0 

0 

16A14U 

518.58 

-0.55 

-0.  53 

24B71 

518.04 

-1.09 

-1.09 

21A696 

517.51 

-1.62 

- 1 .  bU 

21A694 

516.96 

-2.17 

-2.  17 

33B3585 

516.43 

-2.70 

-2.  72 

33A2860 

515.99 

-3.  !4 

-3. 18 

43B0950 

515.77 

-3.36 

-3.37 

33A2858 

515. 78 

-3.35 

-3.37 

33B3591 

516.00 

-3.  13 

-3. 16 

22A701 

516. 34 

-2.  79 

-2.88 

21A693 

516.69 

-2.44 

-2.44 

23B94 

517.99 

-1.  14 

-1.17 

16A1412 

520.26 

1.13 

1,16 

16A1409 

522.53 

3.40 

3.26 

16A1410 

524.81 

5.68 

5.67 

1011494 

527.08 

7.95 

7.93 

Anchor 

1 1A1496 

531.46 

12.33 

12.30 

21A695 

533.72 

14.59 

14.56 

33A2863 

537. 37 

18.24 

18.21 

53B22I 

542.42 

23.29 

23.23 

41B1248 

547.  14 

28.01 

27.91 

31A2789 

552.  19 

33.06 

32.93 

22A702 

557.23 

38.  10 

38.05 

11A1493 

562.27 

43.  14 

43.08 

11A1495 

566.99 

47.86 

48.  56 

Chaiist’  it’  ' 
flcvat ion 
Sept  77  to 
Sop  t  7  ;s 


o  1  a  t  i  VO 
(It) 

As-bu i  1 1 
tip  Sopt  7d 

0.33 
0. 3h 
D.OJ 
-0.01 
-0.01 
0 
0 
0 

-0.01 

0 

-0.01 

0 

-0.02 

0 

0 

0.02 

0 

-0.01 

-0.01 

0 

0.02 

0 


0 

0.02 

0 

0.02 

0 

-0.02 
-0.04 
-0.01 
-0.02 
-0.0  3 
-0.09 
0 

-0.03 
0.03 
-0.  14 
-0.01 
-0.02 

-0.03 
-0.03 
-0.0  3 
-O.Ofi 
-0.  10 
-0.03 
-0.05 
-O.Ob 
-0.  30 


J 


Table  B3. 


Support 

no. 


IIAIISS 

l3AUi9l 

2A17 

44A399A 

65B12 

b5Bl  I 

44A3980 

2A202 

I JA2014 

Anchor 

13A2016 

2A201 

24A1268 

2A204 

l4Al7bO 

24A12bb 

43Bi8bO 

4bA4  088 

52B123 

44A3982 

4 1 B4 1 1 1 

2A19 

13A201 j 

2A7  3 

2A7  5 

2A18 

23Al40h 

lbAI450 


13A2015 

14AI908 

14A1758 

Anchor 

l4Al90b 

14A1907 

14A1905 

2A203 

35A0190 

53B8b 

5bA4b2 

b3B91 

33A411 

b4B4  7 


Anchor 
I  jA2 1  39 
I IA1824 


(Cent ' d) . 


(’haiiRe  in 

relative 

As-bui 1 t 

Relative  elevation  (t’t) 

elevation 

(ft) 

elevJt ion 

A.s- built 

Sept 

Sept 

Sept  77  to 

As-bui 1 t 

(ft) 

1977 

1978 

S  ejt  t_7  3 

to  Sejit  7 

Site  C 

Kievation  relative  t(^ 

1 lAl 389 

Survey  accuracy  0.02 

1  t 

b97. 39 

0 

0.01 

b97.09 

-0.30 

-0.30 

0 

b9b. 79 

-0.60 

-0.51 

0.09 

b9() .  A9 

-0.90 

-0.79 

0.  11 

b9b. 19 

-1.20 

-1.08 

0.  12 

895.38 

-1.51 

-1.58 

-0.07 

895.59 

-1.80 

-1.79 

O.OI 

895.29 

-2. 10 

-2.08 

0.02 

894.99 

1 

o 

-2.37 

0.03 

894.38 

-3.01 

-2.93 

0.08 

694.07 

-3.32 

-3.26 

U.Ob 

693.78 

-3.61 

-3.49 

0.12 

693.86 

-3.  53 

-3.45 

0.08 

893.94 

-3.45 

-3.38 

0.07 

694.04 

-3.35 

-3.28 

0.07 

694.12 

-3.27 

-3.20 

0.07 

894.20 

-3.  19 

-3. 13 

0.06 

694. 30 

-3.09 

-3.02 

0.07 

694.38 

-3.01 

-2.94 

0.07 

b94 , A7 

“2 . 92 

-2.88 

0.04 

694 , 56 

-2.83 

-2.78 

0.05 

694.85 

-2.74 

-2.67 

0.07 

694. 74 

-2.65 

-2.56 

0.09 

694.83 

-2.58 

-2.49 

0.07 

694.93 

-2.46 

-3.05 

-0.59 

688.84 

-8.55 

-8.50 

0.05 

686. 55 

-10.84 

-10.92 

-0.08 

Site 

Elevation  relative  to 

I3A2015 

Survey  accur.ncy  0.01 

ft 

686.55 

0 

-0.01 

688.48 

1.9  3 

1.94 

0.01 

695.81 

9.06 

9.08 

0.02 

695.85 

9.30 

9.  34 

0.04 

695.95 

9.40 

9.  38 

-0.02 

696.06 

9.51 

9.51 

0 

696.17 

9.62 

0.02 

696.27 

9.  72 

9.73 

0.01 

696.38 

9.83 

9.88 

0.05 

896.47 

9.92 

9.95 

0.03 

696.25 

9.  /O 

6.81 

-2.89 

698.02 

9.47 

9.51 

0.04 

895.78 

9.  23 

9.26 

0.03 

Site  H 

Klevation  relative  to 

I iA2l 39 

Survev  accurac 

V  0.02 

ft 

914.11 

0 

-0.01 

-0.01 

912.74 

-1.37 

-1.35 

0.02 
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Table  B3.  (Cont'd) 


Change  in 

relative 

Support 

As-built 

Relative  elevation 

(ft) 

elevation 

(ft) 

no. 

elevation 

A.«  'ullt 

■Sept 

■St'pt 

Sept  77  to 

As-bui 1 t 

(ft) 

1977 

1978 

Sep t  ^ 

to  Sopt  7 

11A1823 

911.3b 

-2.75 

-2.74 

O.OI 

2A124 

909.94 

-4.  17 

-4.17 

0 

35A4075 

906.79 

-7.32 

-7.32 

0 

53B252 

901.85 

-12.26 

-12.22 

0.04 

54B191 

897.18 

-16.93 

-16.90 

0.03 

34A4057 

892.29 

-21.82 

-21.87 

0.05 

23Ar341 

881.53 

-32.58 

-32.05 

0.53 

1 1A1822 

866.64 

-47.47 

-47.43 

0.04 

11A1821 

852.36 

-61.75 

-61.74 

0.01 

\ 

1 


A  facsimile  catalog  card  in  Library  of  Congress  MARC 
format  is  reproduced  below. 


Uedd,  H.T. 

Movement  study  of  the  Trans-Alaska  Pipeline  at 
selected  sites  /  by  H.T.  L'eda,  D.E.  Garfield  and 
F.D.  Haynes.  Harover,  N'.H.:  U.S.  Cold  Regions  Re¬ 
search  and  Engineering  Laboratory;  Springfield,  Va.: 
available  from  National  Technical  Information  Ser¬ 
vice,  1981. 

iv,  40  p. ,  illus.  ;  28  cm.  (  CRREL  Report  81-4.  ) 

Prepared  for  C . S . A .  Facilities  Engineer  Support 
Agency  by  Corps  of  Engineers,  U.S.  Army  Cold  Re¬ 
gions  Research  and  Engineering  Laboratory. 
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